The demand for large-scale systems running in complex and even chaotic environments requires the consideration of new paradigms and technologies that provide flexibility, robustness, agility and responsiveness. Multiagents systems is pointed out as a suitable approach to address this challenge by offering an alternative way to design control systems, based on the decentralization of control functions over distributed autonomous and cooperative entities. However, in spite of their enormous potential, they usually lack some aspects related to interoperability, optimization in decentralized structures and truly self-adaptation. This paper discusses a new perspective to engineer adaptive complex systems considering a 3-layer framework integrating several complementary paradigms and technologies. In a first step, it suggests the integration of multi-agent systems with service-oriented architectures to overcome the limitations of interoperability and smooth migration, followed by the use of technology enablers, such as cloud computing and wireless sensor networks, to provide a ubiquitous and reconfigurable environment. Finally, the resulted service-oriented multi-agent system should be enhanced with biologically inspired techniques, namely self-organization, to reach a truly robust, agile and adaptive system.
Introduction
The global markets are imposing strong changing conditions for companies running their businesses, sometimes comprising complex and large scale systems. The way such systems operate is crucial for the companies' competitiveness and sustainability. As examples, the electrical smart grids advent are imposing a set of new requirements and opportunities to the way of managing distributed energy systems, and the lack of efficient and adaptive traffic control systems provokes billions of lost hours and billions of litres of wasted petrol cost having a huge impact on the air quality [1] . Also in the manufacturing sector, which is not as powerful as it once was but is still a driving force in economy, the higher variety of products, the possible large fluctuations in the demand, the shorter lifecycle of products expressed by a higher dynamics of new products, are some challenges that manufacturing companies have to deal with to remain competitive. The challenge is to consider paradigms and technologies to allow the development of such distributed, large-scale complex systems that behave in a better manner. Of special interest in this work are the cyber-physical systems (CPS), which are a strategy to address the challenge of developing solutions combining mechatronics and ICT technologies, to face the current requirements imposed by customers acting in a global economy [2] . The use of CPS aims at increasing implementation of large-scale systems, improving the adaptability, autonomy, efficiency, functionality, reliability, safety, and usability of such systems. The development of CPS can be performed by using several promising technologies, namely multi-agent systems (MAS) [3], service-oriented architectures (SOA) [4] and IEC 61499 [5] . Several applications of these technologies (mainly prototypes and laboratorial ones) are reported in the literature (see [6] [7] [8] as examples for agent-based solutions). However, the generalized idea is that the individual application of these paradigms does not completely solve the current problems imposed by industry since each one introduces important and valuable features, but miss other important ones.
A new integrated vision combining complementary emergent technologies allows reaching control structures with distributed intelligence supporting the enterprise integration (vertical and horizontal dimensions) and running in truly distributed and ubiquitous environments. Additionally, the enrichment of these distributed systems with mechanisms inspired by biology supports the dynamic structure re-configuration, thus handling more effectively with condition changes and unexpected disturbances, and minimizing their effects. As an example, the integration of service-oriented principles with MAS allows to combine the best of the two worlds, and in this way to overcome some limitations associated to multi-agent systems, such as interoperability.
This integrated vision can be a valuable help in the demand of important questions and problems that raise when running this kind of systems, namely how the global optimization is achieved in decentralized systems, how temporary hierarchies are dynamically formed, evolved and removed, how individual entities self-organize and evolve to support evolution and emergency, and how to adapt their emergent behaviour using learning algorithms.
Having this in mind, this chapter discusses and explores a new, integrated perspective for the engineering of complex and adaptive systems, as cyber-physical systems are. This new perspective is based on four main steps: i) distribute the complex problem in several individual, simple entities, ii) connect the distributed entities to support the emergence of a global system, iii) provide evolvable mechanisms to support dynamic adaptation, and finally iv) provide technology enablers to support the operation of these systems in a ubiquitous environment. For this purpose, and after combining multi-agent systems with new emergent complementary paradigms and technologies, biologically inspired techniques should be considered regarding the truly selfadaptation and evolution of complex systems. Particularly the use of self-organization mechanisms, combined with the service-oriented multi-agent systems, allows designing innovative, flexible, adaptive, responsive and reconfigurable production control
